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Rather more than a year since, Warfield1 claimed the discovery of a

new enzyme in human saliva, ``a substance which has the power to split
glycyltryptophan'' (a dipeptid). This hydrolyzing property of saliva
was stated as being lost when saliva is acid or when heated to 100 C.
Warfield's report bases his conclusions on the action on glycyltryptophan
of twenty-eight specimens of saliva. Of this number, saliva was alkaline
(where stated) in all the positive reactions and acid in all negative
glycyltryptophan tests. The use of tobacco, observed in seven instances,
did not materially alter the result so long as the salivas remained alkaline.

About six months after Warfield's communication, Weinstein,2 in
writing of the ``tryptophan'' test for carcinoma ventriculi, confirmed
Warfield's findings. Weinstein's observations are indefinitely stated. The
few experiments actually quoted admit of dubious conclusions (vide 1 to
3, and A-B). In a footnote Weinstein states that his colleague, Professor
Gies, ``although suggesting the probability of ereptic and tryptic excretion
Dy tne salivary glanas, tninks it possible also that the tryptophan pro¬
ducing enzyme in mixed saliva is derived in part from the bacteria in the
mouth, especially from cavities in carious teeth."

Previous to Warfield's report, ptyalin (diastase) had been considered
the essential enzyme in human saliva. Maltase can hardly be regarded as

distinctive. It would seem that if human saliva contain a proteolytic
enzyme, new problems in the physiology of digestion would be presented.

The observations included in this report were made in the endeavor
to determine the existence of the peptid-splitting agent in saliva, the
nature of this agent and the conditions under which it might be evidenced.

*Manuscript submitted for publication Sept. 9, 1912.
*From the Division of Gastro-Enterology, Mayo Clinic.
1. Warfield: Bull. Johns Hopkins Hosp., May, 1911.
2. Weinstein: Jour. Am. Med. Assn., 1911, lvii, 1420.
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author's STUDY

Three hundred thirty-four individuals furnished the specimens of
saliva. They were of both sexes and ranged in age from 18 to 74 years.
Three hundred eighteen specimens came from patients who presented
themselves for test-meal examination of gastric function at St. Mary's
Hospital (Mayo Clinic). Sixteen specimens came from laboratory assist¬
ants, nurses and physicians.

Collection of Saliva.—In the test-meal cases, patients were fed the Ewald
breakfast. From ten to twenty minutes after they had eaten they were furnished
with large test-tubes, into which they spat. They were instructed to furnish
saliva and not nasopharyngeal accumulations or laryngo-bronchial sputum. The
collecting test-tubes had previously been boiled in distilled water, hot air dried and
plugged with sterile cotton. Saliva was collected for from forty-five minutes to
one and one-half hours following the ingestion of the test meal. It was kept at
room temperature in the test-tubes, securely plugged, until the various experi¬
ments to be made with it were set up. Except in special instances (vide infra)
experiments were set up within four hours following the collection of the speci¬
mens. The reaction of the saliva was always ascertained with wet litmus at
the time the test mixtures were made. In each donor, the teeth, gums, and oral,
nasal and pharyngeal mucosoe Avere inspected.

Routine Procedura for Ohservation of the Peptid Hydrolyzing Property of
Saliva.—For testing the cleavage power of the specimens, the dipeptid,
glycyltryptophan, was chosen. The preparation made under the direction of
Neubauer and Fischer was used. (Manufactured by Kalle & Co., Biebrich am

Rhein, and secured through Noyes Bros. & Cutler, St. Paul, Minn.) This was

obtained in small bottles and preserved under an ample layer of toluol. To guard
against the crystallization out of the glycyltryptophan from solution, and the
consequent doubtfulness of the results, the preparation was kept in a thermostat
at 37 C.

The tests were, in general, set up as follows : Into each of a series of sterile
test-tubes (those measuring 10 cm. by 14 mm. were found to answer very well)
were poured, respectively, 0.3 c.c. of the glycyltryptophan solution, 3 c.c. of
saliva and 0.5 c.c. of toluol. Sterile pipets were used in measuring the quantities.
In each series controls were set up consisting of (a) 0.3 c.c. glycyltryptophan
solution + 3 c.c. sterile distilled water + 0.5 c.c. toluol; and (b) 3 c.c. saliva
-f- 0.5 c.c. toluol. The tubes were inverted several times to secure complete mixture
of the ingredients. They were then placed in a thermostat at 37 C. for twenty-
four hours. From each tube was next transferred to each of a set of small test
tubes, 2 c.c. of the mixture below the toluol layer. To each tube was then added
0.2 c.c. of a 3 per cent, glacial acetic acid in distilled water solution. The tubes
were shaken vigorously. Test for free tryptophan was then made. Bromin vapor
was allowed to flow into each test-tube until the glass above its contents showed
strong amber. The tubes were next shaken and note made of any color change
occurring in the mixture. The presence of tryptophan was considered proven
when the liquid took on lilac, rose-pink, purple or magenta hues. The color
changes were observed by daylight against a white background (filter paper).
By this procedure, small amounts of free amino-acid (tryptophan) are readily
detected. Questionable reactions were usually due to the presence of very small
amounts of tryptophan, dirty saliva, excess of bromin (as when bromin water
is used instead of bromin vapor) or poor light.

1. The Presence of Peptid-Spiitting Agent in Whole Saliva.—In this
series of tests a portion of saliva free from food particles, blood or naso¬

pharyngeal mucus was examined first for free tryptophan. Reference to
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Table 1 shows that of 33-4 specimens of saliva, but three showed free
amino-aeid before the dipeptid glycyltryptophan had been added or the
specimens had been incubated. All three positive tests were returned by
dirty saliva from individuals with pyorrhea alveolaris and many decayed
teeth. One individual had enlarged tonsils with ragged crypts filled with
creamy exúdate. Of the three positive tryptophan tests, two occurred in
very acid saliva and one in neutral saliva (case with foul tonsils).

In this same series portions of the saliva (334 specimens) were incu¬
bated with glycyltryptophan under toluol for twenty-four hours, as

described above, and at the end of the incubation period were tested for
free tryptophan. Table 1 shows the results.

It will be noted that irrespective of the reaction of the different
specimens, 314, or 94.1 per cent., manifested some degree of hydrolytic
power for glycyltryptophan. Twenty, or 5.9 per cent., were negative,
irrespective of reaction of the saliva. We shall comment on the signifi¬
cance of reaction below. It, however, seems proper here to call attention
to the facts that of 334 specimens, 148 were neutral to wet litmus, and
that of this number 139 (93.9 per cent.) revealed free tryptophan after
incubation. Acid reaction was shown by 163 specimens. Of these, 156
(95.7 per cent.) were capable of splitting glycyltryptophan. Of the
twenty-three distinctly alkaline salivas, nineteen (82.6 per cent.) showed
free tryptophan after incubation with the test dipeptid. In view of the
difficulty in accurately determining shades of difference in reaction
between the neutral and alkaline salivas with litmus, we may fairly group
the results from such specimens; in other words, of 171 specimens
(neutral and alkaline) 154 (90.-f- per cent.) were able to hydrolyze
glycyltryptophan with resultant detectable amounts of free amino-acid.

AVarfield's tabulation of twenty-eight specimens of saliva shows that
in his series thirteen were from individuals affected with some form of
gastro-intestinal anomaly, while the remainder were from subjects in
good health. In twenty-five specimens (89.3—¡— per cent.) he obtained
cleavage of glycyltryptophan (bromin water test). He states that all
positive reactions were from individuals with alkaline salivas. "We are
unable to account altogether for the discrepancy between his figures
and ours.

TABLE 1.—The Peptid-Splitting Power of Whole Saliva
Neg. Trypto- Reaction

No of Positive Reactions* Reac- phan of Percentage.Cases. + +_|_ +++ tions. Test. Saliva.
148 23 64 52 9 1 Neutral Pos. 93.9

Neg. 6.1
163 27 79 50 '7 2 Acid Pos. 95.7

Neg. 4.2
23 3 3 13 4 0 Alkaline Pos. 82.6

- — - - — —

Neg. 17.3+
334 53 146 115 20 3

*Degree of reaction: Lilac = +; rose-pink = ++; rose-purple = +-f+ 
Total Pos. (all degrees) = 314 or 94 per cent.
Total Neg. (all degrees) = 20 or 5.9+ per cent.
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2. The Effect of Centrifugalization on the Peptid-Splitting Power of
Saliva.—Portions of 204 salivas were centrifugalized in a motor-driven
centrifuge for sixty minutes. Two c.c. of the top layer of each specimen
were mixed with glycyltryptophan and incubated under toluol for twenty-
four hours. Table 2 shows in detail the results.

Several interesting facts are brought out. It will be observed that
irrespective of the reaction of the salivas, of the 204 specimens, 167 (81.8
per cent.) showed some hydrolyzing power. This is rather more than
12 per cent, less than was exhibited by non-centrifugalized salivas (Table
1). Thirty-seven (18.1 per cent.) specimens were negative. Table 2
also shows that the degree of reaction is less marked than where non-

centrifugalized saliva is tested. The majority of the reactions were -f- or

-+- -f- in this series.
The relation of the reaction of saliva to its peptid-splitting power in

this series shows interesting variations from that exhibited in Table 1.
Of the ninety-two specimens noted as neutral, seventy-three (78 per
cent.) showed hydrolyzing power, while nineteen (21 -f- per cent.) did
not. Of 106 acid salivas, ninety-two (85.8 per cent.) split glycyltryp¬
tophan and fifteen (14.1 -f- per cent.) were unable to do so. Of the six
distinctly alkaline salivas, three (50 per cent.) split the dipeptid. Com¬
bining the results returned by alkaline and neutral salivas, we observe
that of a total of ninety-eight specimens, seventy-six (77.5 per cent.)
ehowed hydrolytic power.

In this series of 204 specimens, only one (acid in reaction) gave a

positive tryptophan test before incubation. This saliva came from a very
foul mouth and contained macroscopic blood and much cellular detritus.

3. Consideration of Relation of Reaction of Saliva to its Peptid-
Splitting Power.—It is commonly stated that the reaction of saliva is
alkaline or neutral to litmus. Using litmus paper moistened in sterilized
distilled water, we have found it extremely difficult to determine the
finer variations in reaction between weakly alkaline and neutral salivas.
Consequently only when there was blue coloration of test paper in the
estimation of at least two observers have we called salivas alkaline. Table

.1 shows that of 334 specimens of whole saliva, 171 (51.1 per cent.) were

neutral or alkaline. Of these 154 (90.+ per cent.) split glycyltryp¬
tophan. One hundred sixty-three (48.9 per cent.) were distinctly acid
to wet litmus. Of these, 156 (95.7 per cent.) were hydrolytic for the
test dipeptid.

The number of acid salivas was surprisingly large in view of text-book
analyses. "We suggest that this high proportion of acid reactions may be
due to the conditions of the oral cavities of the donors. Many of our

patients were adult or aged peasantry from the northwest United States
and Canada. There was a considerable percentage of individuals of
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European extraction. In many, teeth, gums and nasopharyngeal
anomalies had been entirely neglected. Decayed teeth, pyorrhea alveo-
laris, soggy, oozing tonsils and foul nasal and pharyngeal mucosa were

common (vide infra). It is also to be emphasized that many salivas came

from individuals in poor health (carcinoma or ulcus ventriculi, ulcus
duodeni, cachexia from liver, gall-tract or gastric secretory malfunction,
and the like). We have not been able to find in the literature a satis¬
factory discussion of the influence of disease on reaction or chemical
properties of saliva. The observation we present is certainly interesting
and perhaps not altogether unimportant. Of twenty salivas from healthy
young adults seventeen (85 per cent.) were neutral in reaction. The
time following the ingestion of food in the test-meal cases during which
saliva was collected may also have some bearing on its reaction.

TABLE 2.—The Peptid-Splitting Power of Centrifugalizep Saliva

Neg. Trypto- ReactionNo. of Positive Reactions* Reac- phan of Percentage.Cases. _|_ _j__|_ + ++ tions. Test. Saliva.
92 39 20 14 19 0 Neutral Pos. 78.9

Neg. 21 +
106 44 40 7 15 1 Acid Pos. 85.8

Neg. 14.1 +
6 2 1 0 3 0 Alkaline Pos. 50

Neg. 50
204 85 61 21 37 1

*Degree of reaction: Lilac = + ; rose-pink = ++; rose-purple = +++ .

Total Pos. (all degrees) = 167 or 81.8+ per cent.
Total Neg. (all degrees) = 37 or 18.1+ per cent.

4. Consideration of Oral Conditions on the Peptid-Splitting Power
of Saliva.— (a) Teeth: Notes were made relative to the condition of the
donor's teeth at the time that saliva was received from him. The classi¬
fication in Table 3 needs little explanation. In practically all instances
in which teeth were called "poor" or "very poor," there was pyorrhea in
addition to dirty, decaying teeth. Some teeth classed as "good" or "fair"
also showed pyorrhea. In these and other instances frequently diseased
tonsils or foul nasopharyngeal discharge were not lacking.

The interesting features of Table 3 are the following: Of the 334
salivas tested, approximately but one-fourth of the number came from
subjects with good teeth, while more than one-half of the specimens were
received from individuals with inferior and dirty teeth. From the latter
class we never received a saliva incapable of splitting glycyltryptophan,
while from 12.5 per cent, of salivas from the good teeth class, the cleavage
property of saliva for the dipeptid was not demonstrated. The differences
in degree of reaction are striking. In the good teeth class, the majority
of the reactions are in grades + or -f- -¡-, while in the very poor teeth
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groups the preponderence of the reactions fall in grades -f- -j- and
-|—|- +. Twenty-six (7.5 per cent.) of the salivas in our series came
from individuals with artificial teeth. Of this number 15. + per cent, of
the salivas did not split glycyltryptophan. These were from clean mouths
in three instances and from a dirty mouth in a fourth. In this group
(artificial teeth), thirteen (50 per cent.) of the salivas showed very
strong cleavage power. In the majority of these, both artificial teeth and
patients' mouths were very dirty.
TABLE 3.—The Relation of the Condition of the Teeth to Peptid-Splitting

Power of Saliva
No. of ™ ,, „, , Reaction *

Specimens. Teeth-State „ + ++ +++
84 Good. 10 35 27 12
50 Fair. 6 ' 13 17 14
88 Poor. 0 18 28 42
86 Very poor. 0 21 18 47
26 Artificial. 4 4 5 13

*Degree of reaction: Lilac = +; rose-pink = ++; rose-purple = ++ + .

(b) Gums: Of 334 individuals, 201 (60.-4- per cent.) showed erosions
at the teeth-gum margins, or definite pyorrhea alveolaris. Of this
number, the saliva was acid in 149 instances (74.1 per cent.). These
specimens split glycyltryptophan in 189 instances (94.3 per cent.).

(c) Tonsils and Nasopharynx: Salivas were collected from 192
persons in which these parts were inspected. In fifty-three instances
(27.5 per cent.) there was evidence of tonsillar disease (enlargements,
crypts, exúdate, erosion). In thirty-eight instances (19.7 per cent.)
there were evidences of nasopharyngeal inflammation. In six instances
(3.1 per cent.) there were ulcerative conditions of the oral mucosa, apart
from adenoid hypertrophy or pyorrhea.

Of the 192 individuals whose tonsils, oral mucosa, etc., were exam¬

ined, seventy-three (38.+ per cent.) revealed some abnormality. Of this
number forty-two (57.5 per cent.) had acid salivas and thirty-one (42.4
per cent.) of these salivas split glycyltryptophan after incubation for
twenty-four hours at 37 C.

(d) The Use of Tobacco: Of the 334 specimens of saliva examined
209 came from males. In 140 instances data were obtained regarding
the use of tobacco. Seventy-eight smoked or chewed tobacco, or both.
Three of these also used snuff. Saliva from these seventy-eight individ¬
uals split glycyltryptophan in sixty-nine instances (89.8 per cent.), irre¬
spective of its reaction to litmus. Twenty-five donors chewed tobacco,
but did not smoke regularly. Eleven of these had acid salivas. Twenty-
two "chewers" donated salivas which split glycyltryptophan in fifteen
instances (68.1 per cent.).

Downloaded From: http://archinte.jamanetwork.com/ by a University of Iowa User  on 06/02/2015



FRANE SMITHIES 527

(e) The Effect of Mouth-Washes: A water solution of alphozone of
0.4 per cent, strength was used vigorously as a mouth- and teeth-wash in
fifty-two instances. The subjects were directed to hold the solution in
their mouths for several minutes, to force it back and forth between their
teeth and about the alveolar spaces, and to gargle a portion. The mouth
was then rinsed with warm normal salt solution. Saliva was then
collected for forty-five minutes. From the fifty-two donors saliva was

alkaline or neutral in thirty-eight instances (73 per cent.) and acid in
fourteen instances (26.9 per cent.). From this group of fifty-two speci¬
mens, cleavage of glycyltryptophan occurred but seventeen times (32.7
per cent.). With respect to degree of cleavage, the reaction was in no

instance beyond -j—|-.
The results obtained after the use of the strong alphozone solution as

a mouth-wash led us to test the effects of it and like solutions on saliva
directly, and to experiment with mouth and throat cultures of bacteria.

5. Consideration of the Effect of Temperature on the Peptid-
Splitting Power of Saliva.—Boiling: A portion of saliva from each of
302 specimens combining all reactions was immersed in a plugged sterile
test-tube in water and kept boiling for thirty minutes, glycyltryptophan
solution was added after the saliva had been cooled, and the mixture was
then placed under toluol in the thermostat for twenty-four hours. Test
for tryptophan was then made in the usual manner. In none of the
boiled specimens could free amino-acid be detected.

Room Temperature: Portions of 160 specimens of saliva were mixed
with glycyltryptophan and left under toluol for from twelve to 120 hours,
at room temperature (about 75 to 80 F.). Table 4 summarizes the result.

TABLE 4.—The Cleavage Power of Saliva at Room Temperature
No. of No. of Specimens
Speci- Reaction. + Reaction (Cleavage) after Hours: Showing
mens. 12 24 36 48 72 96 120 No Cleavage.

66 Acid. 3 7 29 16 5 4 0 2
82 Neutral. 0 30 26 7 9 0 0 4
12 Alkaline. 2 8 0 1 O 0 0 1

160 11 45 55 24 14 4 0 7

Briefly, it is seen that irrespective of the reaction of saliva, cleavage
of the dipeptid occurs in the majority of instances between twenty-four
and thirty-six hours after admixture; that in a few instances cleavage
may have taken place within twelve hours or may be delayed ninety-six
hours, or no free amino-acid may be detected at the end of 120 hours
(seven instances) ; that neutral and alkaline salivas split glycyltryp¬
tophan somewhat more rapidty than do acid salivas at room temperature.
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Ice-Box Temperature: Thirty-five specimens of whole saliva of the
several reactions were mixed with glycyltryptophan under toluol and kept
on ice. Portions tested within twenty-four to 522 hours showed in no

instance hydrolyzation of the dipeptid. Of these thirty-five specimens,
after being on ice over 522 hours, twenty-nine were placed in the ther¬
mostat at 37 C, and twenty-six showed free tryptophan after eighteen
hours.

Graded Temperatures: Specimens of saliva were variously heated in
plugged sterile test-tubes, cooled in running water, combined with glycyl¬
tryptophan solution and placed in a thermostat under toluol for twenty-
four hours. This mixture, acidulated, was then tested for free amino-
acid. Table 5 shows the results.

TABLE 5.—The Influence of Graded Temperatures on the Peptid-Sflitting
Power of Saliva

s£eif EeaoCftÍOn Reactions at Temperature:mens1" Saliva 20 c· 30 c· 40 c· 45 c· s0 c· 55 c· 60 c· 65 c· 7° C 75 C 80 C. 90 C 100 C.
28 Acid_ 25 22 26 23 23 21 22 14 8 1 0 0 0
34 Neutral.. 33 31 29 30 26 26 24 22 21 3 0 0 0

9 Alkaline. 9987675550000

71 67 62 63 60 55 54 51 41 34 4 0 0 0

It is seen that, irrespective of the reaction of the saliva, of seventy-
one specimens examined, there is uniform cleavage up to 60 C. Between
60 and 75 C, there is rapid diminution in peptid-splitting power, varying
with reaction somewhat (neutral saliva being most resistant to increased
heat). We never had any specimen show cleavage of glycyltryptophan
after it had been heated above 75 C. The variations in splitting power
of the specimens with different reactions would appear to be somewhat
dependent on such reaction, although there may be other factors (thick,
clumpy, or dirty saliva).

6. Effect of Chemical Solutions on the Peptid-Splitting Power of
Saliva: In these experiments the following solutions were used:

1. Phenol (carbolic acid) in water, 2 per cent.
2. Bichlorid of mercury in water, 1 per cent.
3. Alphozone in water, 0.1 per cent., 0.2 per cent., 0.3 per cent.,

0.4 per cent.
4. Antiformin ( commercial solution ).
5. Absolute alcohol.
6. Acetic acid, glacial.
7. Chloroform.
8. Ferric chlorid solution, 5 per cent.

Procedure.—After specimens of saliva had been tested for free amino-
acid and found negative, equal portions were respectively combined with
glycyltryptophan solution plus 1 c.c. of the solution of the chemical com-
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bination under consideration. Controls of portions of saliva without
glycyltryptophan solution and also of the glycyltryptophan solution itself
were set up. The tubes were then incubated under toluol for twenty-four
hours, when they were made acid (if not already acid) with 3 per cent.
acetic acid solution and tested for free tryptophan in the usual manner.

Table 6 shows the experiments and results in detail.

TABLE 6.—The Influence of Chemical Action on Peptid-Splittlng Power
of Saliva

O 4¡

iZ¡02

No. of
Speci¬
mens

Combination
Tested

Uh

A
25 2% phenol + saliva

and glycyltryptophan 0
25 1% mercuric ehlorid

+ saliva + glycyl¬
tryptophan. 0

25 Antiformin + saliva
+ glycyltryptophan 0

25 Glacial acetic acid +
saliva + glycyltryp¬
tophan. 0

25 Chloroform + saliva
+ glycyltryptophan 0

25 5% ferric ehlorid +
saliva + glycyltryp¬
tophan. 3

80 Absolute alcohol +
saliva + glycyltryp¬
tophan. 0

50 0.1% alphozone +
saliva + glycyltryp¬
tophan. 32

50 0.2% alphozone +
saliva + glycyltryp¬
tophan. 24

50 0.3% alphozone +
saliva + glycyltryp¬
tophan. 11

50 0.4% alphozone +
saliva + glycyltryp¬
tophan. 0

so
o>
* «,

o >

A
25

25

25

80

18

26

39

50

Controls
Glycyltryp- Glycyltryp· ga]¡vatophan
+ Saliva

Pos. Neg.
23 2

tophan
alone alone

Pos. Neg. Pos. Neg.
0 25 0 25

25

21

23

24

24

74

46

46

46

46

25

25

25

25

25

80

50

50

50

50

25

25

24

25

25

80

50

50

50

50

It will be observed that solutions of 2 per cent, phenol, 1 per cent.
HgCl,, antiformin, glacial acetic acid, chloroform and absolute alcohol
and 0.4 per cent, alphozone absolutely inhibit the peptid-splitting agent
in human saliva. A 5 per cent, solution of ferric ehlorid prevented
cleavage in 88 per cent, of specimens.

Brief attention may be called to the action of the alphozone solutions.
After we had conducted the experiments on salivas from individuals who
had used alphozone solution as a mouth-wash, we carried out a few tests
(not included in the series of Table 6) in which we used a 0.1 per cent,
solution of alphozone combined with saliva. We found that several of
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the thick tenacious or dirty salivas retained good cleavage power for
glycyltryptophan even after so powerful an organic peroxid as alphozone
had been added. When the experiments for Table 6 were set up, various
strengths of alphozone were added in the attempt to discover the limit
at which cleavage of the dipeptid was possible with this admixture. It
is seen by Table 6 that only solutions so powerful as 0.4 per cent, alpho¬
zone uniformly inhibit the peptid-splitting power of whole saliva and
that diminution in strength of solution results in proportionate increase
in the number of salivas which retain that power.

With exception of the alphozone and chloroform additions to saliva-
glycyltryptophan mixtures in our series there were always various grades
of precipitation in the combinations when the numerous test solutions
were added. It would seem that this fact might seriously interfere with
the action of the peptid cleaving agent in saliva, if that agent be an

enzyme. Precipitation may not, however, be the only factor. Chloro¬
form and alphozone admixtures produce no marked precipitation in
sal iva-glycyltryptophan solutions. Chloroform absolutely inhibited cleav¬
age in our experiments. Alphozone solutions only inhibited cleavage of
the dipeptid above 0.3 per cent, strength. In addition to the question of
increase in alkalinity in alphozone-saliva mixtures, as the percentage of
alphozone increases in such solutions one must also consider the impor¬
tance of alphozone as a germicide. Inasmuch as in our experiments
alphozone was the only chemical agent added to saliva, which did not
cause precipitation of protein, and yet did not invariably inhibit cleavage,
its results only can be used to indicate a line of demarcation respecting
a factor, at least, in explanation of how saliva splits glycyltryptophan.
It is well known that chemicals that precipitate protein in enzyme-
containing solutions, also inhibit the ferment action of those solutions.
Inhibition of the peptid-splitting agent in saliva by such chemical solu¬
tions as phenol, mercuric chlorid, antiformin, alcohol and the like, leaves
us in doubt as to whether or not such agent was rendered inert by pre¬
cipitation of an enzyme with protein in saliva or cleavage power was lost
by bactericidal action of these strong germicides, or both. Ferric chlorid
solutions which precipitate protein in saliva are not very strongly germi-
cidal, apart from mechanical action. In 88 per cent, of specimens
cleavage of glycyltryptophan was inhibited by 5 per cent, ferric chlorid
solution.

7. Effect of Bacteria on Cleavage of Glycyltryptophan :

A. Saliva -f- Bacteria.—Cultures from twenty-seven specimens of saliva were
made in (a) bouillon, on (b) nutrient agar and on (c) blood-serum-agar. These
were allowed to remain three days in the water bath at 37 C. In reaction the
salivas from which cultures were made were alkaline, three; neutral, fifteen, and
acid, 9.

Table 7 gives details regarding salivas, organisms returned by cultures, etc. At
the end of the incubation period, experiments were set up as follows:
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Series Patient's Reaction
No. Number of Saliva

1 47285 Alkaline

TABLE 7.—Effect

Teeth

Good

of Bacteria on Cleavage of Glycyltryptophan
Results

11

12

13

14

15

24

67218

67232

9596
67244

Alkaline

Alkaline

Neutral

Neutral
Neutral

7 67292 Neutral

8 67285 Neutral

9 67328 Neutral

10 67352 Neutral

67338 Neutral

67368 Neutral

67336 Neutral

67342 Neutral

67313 Neutral

16 28954 Neutral

17 67404 Neutral

18 67365 Neutral

19 67206 Acid

20 67213 Acid

21 51204 Acid

22 67295 Acid

23 57318 Acid

67332 Acid

25 67268 Acid
26 67431 Acid
27 67371 Acid

Good

False

False

Good
Fair

Good

Poor

Good

Good

Fair

Good

Good

Fair

Good

Poor

Fair

Good

Poor

Good

Fair

Fair

Poor

Very
Poor

Good
Good
False

Organisms in
Cultures

Streptococci, staphy-
locci diplococci,
short bacilli.

Cocci, lance-shaped
bacilli.

Cocci, diplococci, spi¬
rili».

Diplococci, strepto¬
cocci, short rods.

Cocci and short bacilli
Cocci, rods and spi¬
rili«.

Staphylococci and
streptococci, lance-
shaped bacilli.

Cercomonas in fresh
specimen, cocci, spi¬
rili» and rods.

Diplobacilli, diplo¬
cocci, staphylococci.

Streptococci and
staphylococci, few
bacilli.

Micrococcus, strepto¬
cocci, staphylococci.

Cocci, lance
-

shaped
bacilli.

Short rods, cocci, spi¬
rili».

Cocci, diplobacilli,
leptothrix.

Micrococei, strepto¬
cocci, staphylococci,
short bacilli.

Spirillse in fresh
bacilli, diplococci,
and streptococci.

Bacilli and cocci

Staphylococci, diplo¬
bacilli.

Diplococcus, strepto-
and staphylococci,
bacilli.

Streptococci, staphy¬
lococci, lance-shaped
rods.

Micrococei, strepto¬
cocci, rods.

Staphylococci, strep¬
tococci, diplobacilli

Streptococci, staphy¬
lococci, bacilli, spi¬
rili».

Staphylococci, strep¬
tococci, short bacilli,
diplococci, 1 e  t o-
thrix.

Cocci, diplobacilli.
Cocci, diplobacilli
Cocci, short and long
rods.

Series a Series b
Pos. Neg. Pos. Neg.
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+
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+

+
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+

+ +

+
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+
+ +

+
0

0

0
0

+
0

0

0

0

 

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Tr
Tr

0

0
0
+

+

+

+

+
+

+

+

+
+
+

+
+

+

+
+

+

+

+
+

+

+

+
+
+

Remarks

Adenoids.

Pyorrhea.

Diseased ton¬
sils.

Pyorrhea ++

Pyorrhea.

Dirty teeth.

Pyorrhea +
Large tonsils.

Manv carious
teeth.

Several cavi¬
ties, pyorrhea.

Cavities in
teeth.

Carious teeth.

Many stumps,
and teeth with
cavities.
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Portions of salivas collected during the three days that the cultures were

growing and which had been shown to be capable of splitting glycyltryptophan,
were heated at 100 C. in a water bath for one hour. The specimens were then
cooled in running water and made neutral with N/10 sodium carbonate. Two
series were then made from the specimen, (a) Saliva + glycyltryptophan solu¬
tion + emulsions of bacteria from each set of cultures from saliva, (b) Saliva
+ glycyltryptophan + toluol. (Controls.) The sets were then thoroughly mixed
and incubated forty hours at 37 C. Portions of mixtures were then acidulated
and tested in the usual way for free tryptophan. Table 7 shows the'results.

It is seen that twenty-three out of twenty-seven salivas which had
been rendered incapable of splitting glycyltryptophan by heating to 100
C. are capable of showing some evidences of cleavage power after being
mixed with bacteria grown from specimens of saliva. In none of the
controls was cleavage power exhibited. In sixteen out of the twenty-
seven sets, free tryptophan was readily recognized on the addition of
bromin vapor. In seven instances there was but a trace of free trypto¬
phan. In one instance the result was questionable. In three experiments
(11.1 -|- per cent.) no free tryptophan could be detected. The reaction
of salivas from which cultures were made appeared to have no great
bearing on the results. Very rich flora in such salivas appeared to
determine largely the degree of reaction. Eich flora were frequently
present from salivas whose donors had very poor teeth or marked pyor¬
rhea, but this was not constant. Nasophai'yngeal conditions appeared to
have bearing on quantity and variety of bacteria present in salivas.

Except as in Table 7, we have made no attempt to determine the exact
organisms appearing to have some influence on cleavage of glycyltryp¬
tophan, apart from noting the groups returned by cultures from each of
the twenty-seven specimens of saliva examined. It would seem from the
considerations of these groups that symbiosis of the organisms appeared
to be responsible for certain ereptic power on glycyltryptophan.

B. Direct Effect of Cultures of Bacteria from Saliva Upon Glycyltryptophan.—
Transplants from the cultures from the twenty-seven specimens of saliva men¬

tioned above (A) Avere made on fifty-four tubes of nutrient agar. These were
incubated at 37 C. for forty-eight hours. Growths resulted in all instances, the
organisms being streptococci, staphylococci, micrococei, bacilli of varying lengths,
diplococci and a few leptothrix.

To one-half (twenty-seven) of the tubes was then added 0.5 c.c. glycyltryp¬
tophan solution in 5 c.c. warm normal salt solution. To the remaining tubes 5 c.c.
normal saline solution alone were added. The tubes were incubated thirty-six
hours. At the end of incubation, the fluid from each tube was drawn off and after
acidulation each specimen was tested for free tryptophan by bromin vapor. Table
7 gives details regarding the organisms.

Result.—In none of the fluids from culture tubes to which normal salt
solution alone had been added was free tryptophan shown. Twenty-one
(77.7+ per cent.) of the twentj<-seven fluids from cultures where the
glycyltryptophan-salt solution had been added showed free tryptophan.
The color changes ranged from pale lilac to rich rose pink.
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SUMMARY

From the work outlined in this report the following seems apparent :

1. Eeaction appears to have little bearing on power of saliva to split
glycyltryptophan.

2. Free tryptophan is occasionally met with in salivas from dirty or

infected oral cavities.
3. Centrifugalization of saliva lessens its power to cleave glycyltryp¬

tophan. This is rather more marked in alkaline or neutral salivas.
4. Conditions of health and state of oral cavities of donors seem to

affect reaction of saliva, with some apparent influence on the peptid
hydrolyzing power of such saliva.

5. Power to hydrolyze glycyltryptophan is lost when saliva is heated
above 75 C. The optimum temperature for cleavage is about 37 C. At
ice-box temperature cleavage is not carried on, but specimens kept at
such temperature for as long as 522 hours, may hydrolyze the dipeptid
when incubated subsequently at 37 C. At room temperature, cleavage is
delayed, but is nevertheless carried on, apparently irrespective of the
reaction of saliva.

6. The chewing of tobacco seems to lessen the power of certain salivas
to hydrolyze glycyltryptophan. Smoking of tobacco appears to have little
effect.

7. The use of strong mouth-washes (e. g., an organic peroxid, as

alphozone) results in marked diminution of peptid-splitting power of
certain salivas.

8. Strong chemical action on saliva, particularly when the addition
of such chemicals causes precipitation of protein, inhibits its glycyltryp¬
tophan splitting power. Many such chemical solutions tested in this
report were germicides.

Non-protein precipitating germicides (as the organic peroxid group)
inhibit the peptid-splitting power of saliva roughly in direct proportion
to strength of such solutions.

9. Cultures of bacteria grown from salivas, may, after salivas have
lost their power to split glycyltryptophan (by heating to 100 C.) cause

such salivas to split that dipeptid by admixture with salivas and sub¬
sequent incubation.

10. Solutions of glycyltryptophan added directly to cultures of
bacteria grown from saliva are readily split with liberation of free
tryptophan.

11. The indefinite nature of any enzyme renders its actual demonstra¬
tion difficult. While the agent in saliva causing cleavage of the dipeptid
glycyltryptophan has certain characteristics of an enzyme, it would seem

that a not inconsiderable factor in such cleavage power is the action of
normal or pathologic oral microorganisms, or products of their growth.
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